Forests and their changes are important to the regional and global carbon cycle, biodiversity and 23 ecosystem services. Some uncertainty about forest cover area in China calls for an accurate and 24 updated forest cover map. In this study, we combined ALOS PALSAR orthorectified 50-m 25 mosaic images (FBD mode with HH and HV polarization) and MODIS time series data in 2010 26 to map forests in China. We used MODIS-based NDVI dataset (MOD13Q1, 250-m spatial 27 resolution) to generate a map of annual maximum NDVI and used it to mask out built-up lands, 28 barren lands, and sparsely vegetated lands. We developed a decision tree classification algorithm 29 to identify forest and non-forest land cover, based on the signature analysis of PALSAR 30 backscatter coefficient data. The PALSAR-based algorithm was then applied to produce a forest 31 
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China from the PALSAR-based forest map is close to the forest area estimates from China 35 National Forestry Inventory (1.95×10 6 km 2 ), JAXA (2.00×10 6 km 2 ), and FAO FRA (2.07×10
angle (Shimada et al. 2009 ) and can be used for the radiometric calibration of both sigma-naught 162 and gamma-naught. 
MODIS NDVI dataset for a mask of barren land, built-up land and sparse vegetation 178
Some built-up lands, barren lands, and sparsely vegetated lands with complex structure 179 and rough land surface may have high PALSAR backscattering coefficients, similar to forests. 180
The annual maximum NDVI ( ) of these built-up lands, barren lands, and sparsely 181 vegetated lands are usually lower than 0.3, while forests are usually higher than 0.5 182 (Defries and Townshend 1994) . To reduce the commission error, we generated a map of barren 183 land, built-up and sparsely vegetation, based on the threshold value of < 0.5 from 16-184 day composite MOD13Q1 NDVI product (250-m spatial resolution) in 2010 (Solano et al. 2010) 185 (Fig. 2) . The resultant map of barren land, built-up land and sparse vegetation was applied as a 186 mask to the data analysis of PALSAR images. 187 
PALSAR-based forest mapping algorithm 191
According to the FAO, forest is defined as land with tree canopy cover larger than 10% 192 with a minimum height of five meters (FAO 2012) freely available in Global Geo-referenced Field Photo Library (http://www.eomf.ou.edu/photos/). 212
We located those geo-referenced photos in Google Earth, and digitalized a series of random 213
Region of Interests (ROIs) as a reference of geo-referenced photos and high spatial resolution 214 images. About 1.4×10 7 PALSAR pixels were acquired from the ROIs, including 9.98×10 5 forest 215 We calculated and generated the frequency distribution of two polarizations (HH and 222 HV), Ratio, and Difference of forests, cropland, water, and built-up lands. The histogram of the 223 HH image (Fig. 4A) shows that water has much lower backscatter values than forests and partly 224 overlapped with cropland, as water bodies are calm and smooth, and can reflect most of the 225 backscatter through specular reflection. Water is separable from forests, built-up lands, and most 226 The PALSAR-based land cover mapping results were merged into forest and non-forest. 249
Through a dynamic link between the forest/non-forest map and high spatial resolution images in 250
Google Earth, some noise was found, which may be attributed to the complex topography, soil 251 moisture, etc. Based on the slope distribution map (Fig. S3 ) derived from the 90-m STRM DEM, 252 we used 3 pixels by 3 pixels median filter to exclude those noise in the area with slope larger 253 than 5˚. In addition, the spatial distribution of (Fig. 2B ) was used to further reduce the 254 commission errors in the forest/non-forest map, caused by some built-up lands and bare lands 255
that have large values of backscattering coefficients. After these two post-processing refinements, 256
we got the final forest/non-forest map derived from PALSAR/MODIS, named OU F/NF map. 257
ROIs for results validation and threshold values comparison 258
We set up the grid of one latitude degree by one longitude degree in China (1127 grid 
Comparison with multi-source forest datasets in 2010 270
We collected three remote sensing-based forest datasets and two inventory-based forest 271 datasets available in the public domain. We first compared the area and spatial distribution of 272 these six forest datasets in China in 2010 at country, province, and county scales, respectively. 273 
50-m Supervised classification FAO FRA
Land spanning more than 0.5 ha with tree height exceeding 5-m and a canopy cover more than 10%, or trees able to reach these thresholds in situ.
Country Statistical datasets
NFI-China Natural, secondary, and planted forests have more than 30% coverage.
Country and Province Statistical datasets
JAXA forest/non-forest map (JAXA F/NF) 278
The 50-m JAXA F/NF maps were aggregated from the original 25-m F/NF maps, which 279 were produced by using PALSAR FBD mode data from June to September . 280
About 10-15% of the data in the year before or after were used due to the data availability. Data 281 pre-processing includes speckle reduction, ortho-rectification and slope correction, and intensity 282 equalization between neighboring strips. In general, three steps were used to generate the JAXA 283 F/NF maps. First, a 5 × 5 pixel median filter was used to reduce noise in images, following a 284 multi-resolution segmentation in eCognition software. Then, 15 region-specific HV threshold 285 values were determined to identify forest pixels, based on the ROIs and cumulative distribution 286 functions. Finally, the overall accuracy of JAXA F/NF maps were assessed approximately 85%, 287 91% and 95%, using validation points from the Degree Confluence Projects, forest area statistics 288 from Global Forest Resource Assessment, and Google Earth high spatial resolution images, 289 respectively. 290
MODIS Land Cover Product (MCD12Q1) 291
Five different land cover classification systems were included in the MCD12Q1 product 292 (Friedl et al. 2010) , and the International Geosphere-Biosphere Programme (IGBP) classification 293 was used in this study. The IGBP classification map was produced using a supervised 294 classification algorithm, based on the training dataset. The phenology and temporal variability 295 features of land cover types extracted from 500-m aggregated 32-day average nadir BRDF-296 adjusted land surface reflectance (NBAR), enhanced vegetation index (EVI), land surface 297 temperature (LST), and annual metrics (minimum, maximum, and mean values) for EVI, LST 298 and NBAR bands were used to identify and generate land cover types. Post-processing 299 refinements were applied to create the final land cover product, including sample bias correction 300 and spatial explicit prior probability adjustments. The overall accuracy of the IGBP land cover 301 product is about 75% based on a cross-validation. Five forest types in 2010 were merged into a 302 forest mask, including evergreen needleleaf forest, evergreen broadleaf forest, deciduous 303 needleleaf forest, deciduous broadleaf forest, and mixed forest. 304
National Land Cover Dataset (NLCD-China) 305
The NLCD-China dataset uses a hierarchical classification system, including 6 classes 306 and 25 sub-classes (Liu et al. 2005 ). The main data sources for development of NLCD-China 307 used were acquired in the vegetation growing season without cloud cover. Geometric correction 309 was done for all the satellite images using ground control points, with the relative position error 310 less than two pixels. Four steps were implemented in the NLCD-China classification projects 311 ). First, interpretation symbols were built for the typical land use/cover types, 312 according to the field survey. Second, the baseline NLCD-China for 1995 was produced. 
Results 344

Forest map of China in 2010 from the 50-m PALSAR mosaic dataset (OU F/NF dataset) 345
The resultant OU F/NF map estimates the forest area of approximately 2.02×10 6 km 2 in 346 2010, which covers 21.31% of the land area in China. The spatial distribution of forests in China 347 varies substantially over space (Fig. 7-8 and S1 ). About 1. The ground truth samples from Google Earth were used to validate the classification 360 accuracy of OU F/NF map. The OU F/NF map has an overall accuracy of 96.2% and a Kappa 361 relative high accuracy through the ground truth samples in plain areas (Table 3 ). The omission 365 error of forest is relatively higher than that of commission error. Spatial analysis of accuracy 366 assessment shows that the omission error of the OU F/NF map is mainly located in cold regions 367 in Northern China with short growing season and agricultural production regions with scattered 368 forests (Figs. S1 and S4A). The omission and commission errors are randomly distributed in the 369 acquisition date of PALSAR datasets, elevation, local incidence angle, and terrain slope (Fig.  370 S4B-E). 371 (Fig. 9) . 379 About 65% of forests are distributed in the area with elevation from 200 m to 1,500 m in the 380 multi-source forest maps (Fig. 8) . The OU and NLCD-China F/NF maps identify more forests 381 than the JAXA and MCD12Q1 F/NF maps in the flat area with elevation of lower than 200 m 382 (Fig. 8) . 383 
Spatial comparison of multi-source forest cover datasets in 2010 at grid cell level 404
The OU, JAXA, MCD12Q1, and NLCD-China F/NF maps present similar spatial 405 distributions of forests at the spatial resolution of 1 km in China in 2010 (Fig. 12) , although they 406 were generated from different data source and algorithms. About 62% of the forest pixels have a 407 forest area percentage below 80% in OU F/NF map, which is much higher than those of 408 MCD12Q1 (26%), JAXA (31%), and NLCD-China (39%) F/NF maps (Fig. 9) . The detailed 409 comparisons of these forest maps are as followings. (Fig. 13C) . The NLCD-China is easy to 432 omit small patches of forests and include small areas of other land cover types into large areas of 433 forests through visual interpretation (Liu et al. 2005) , and the OU F/NF map has some random 434 omission and commission errors (Fig. S4) . The OU F/NF map has more forests in the major 435 agriculture production area, and Central and Northwestern China, but less area of forests in 436 mountain regions in Southern China, in comparison with the NLCD-China F/NF map. Some 437 relatively large differences between the OU and NLCD-China F/NF maps occur in Central and 438 Southern China. 439
Discussion 440
PALSAR-based algorithm for forest mapping 441
The large uncertainty of multi-source forest maps and their changes affect our studies of 442 climate dynamics, ecological services, and biodiversity. In this study, we developed a PALSAR-443 based algorithm for forest mapping at 50-m spatial resolution, based on the threshold value 444 combination of HV, HH-HV, and HH/HV. Forest and non-forest can be easily distinguishable in 445 HV images , and the HV polarized images may be one of the best choices 446 for forest mapping in mountainous areas as it was less sensitive to slope variations (Jensen 2006) . The JAXA F/NF map used the median filter in data analysis, which presents high 460 accuracy in those areas with large forest patches, but may overestimate or underestimate the 461 forest distribution in certain regions with small forest patches. The OU and JAXA F/NF maps 462 present similar distribution histograms in HH, HV, Ratio, and Difference (Fig. 15) . 463
Approximately 26% of forests in JAXA F/NF map were out of the threshold interval in East Asia 464 (Fig. 15B) , which would be attributed to the median filter in the pre-processing and the algorithm. 
C
Mainland Southeast Asia to China. Second, the annual maximum NDVI mask effectively 468 excludes the commissioned forests from mountains, barren lands, and sparely vegetated lands 469 (Fig. 16A) . Third, more forests are identified in the major agricultural production areas in China 470 (Fig. 16B) . Fourth, the detailed distribution of forest/non-forest pixels are preserved in this study 471 (Fig. 16C) . 472 images. Only the land cover change polygons larger than 4 ha were drawn when updating 525 NLCD-China, so small change areas were missed. However, this method can work better than 526 automated algorithms in comprehensive land cover classification and has obtained satisfactory 527 results . 528
The automated supervised classification algorithms, used by OU, JAXA, and MCD12Q1 529 F/NF maps, has high efficiency of processing large volume of satellite images to map land cover 530 types. These algorithms work well for certain land cover types with homogenous spectral or 531 backscatter features, but often perform not well in the areas with complex land cover types. 532 Some pre-processing or post-processing are included to eliminate the image noises and improve 533 the product accuracy, such as median filter, region segmentation, and spatial probability 534 adjustment for mixed pixels. In recent years, the Chinese government is paying great attention to the protection of 553 natural forests, while the demand for timber in China is increasing, which results in a large gap 554 for the supply and demand of forest products. An annual average of 3.1×10 7 m 3 crude wood is 555 imported into China, in addition to other kinds of wood products (State Forestry Bureau 2012). 556
Under the financial benefit from the local government's subsidy and cash income, Poplar and 557 other types of tree plantations expanded extensively in the major agricultural production area, 558 especially in the North China Plain. These forests are mainly the household-based plantations 559 and distributed in small-size patches over landscapes. The plantation forest encroachment into 560 croplands could pose a threat to food production and food security in those regions with limited 561 cropland area, which is now a growing concern in China. Until now, there is no detailed 562 information about the agro-forests in China. The 50-m PALSAR-based algorithm in this study 563 can identify these forests in the major agricultural production, which can be used to assess the 564 effects of forest plantation expansion on food security and cropland quality. 565
Conclusion 566
Some uncertainty exists among multi-source forest cover maps and inventory-based 567 forest datasets in China in 2010, which highlight the needs to produce an accurate forest map at 568 
